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@ Liquid crystal display device. 

@ In an active matrix type liquid crystal display 
device which drives liquid crystal by applying volt- 
age via a thin film transistor to each of transparent 
display electrodes (15) arranged in a matrix form, 
source buses (19) are each composed of a transpar- 
ent conductive bus (19A) formed by a transparent 
conductive layer extending along each column of the 
display electrodes (15) and a metal bus (19B) 
formed by a high melting point metal layer overlap- 
Nping and extending along the transparent conductive 
^bus (19A). /Vn Insulating layer (23) Is coated almost 
(pall over the surface of a base plate (11) on which the 
lA source buses (19) are disposed. The Insulating layer 
Whas slot-like windows (19D) each extending along 
(^one side of each display electrode (15) so that the 
surface of the corresponding metal bus (198) is 
^partly exposed. A bus segment (190) formed by a 
©conductivity metal layer fills each slot-window (19D) 
^Xo make direct contact with the metal bus (19B). 
QjWith such a source bus structure in which the high 
conductivity metal layer and the transparent conduc- 
tive layer are connected through the high melting 



point metal layer, the resistance value of the source 
bus (19) is small and remains stable for a long time. 

FIG. 5C 




FIG. 5D 
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LIQUID CRYSTAL DISPLAY DEVICE 



BACKGROUND OF THE INVENTION 

The present Invention relates to an active ma- 
trix liquid crystal display device which has a wide 
display area and provides a clear, highly precise 
display Innage accordingly. 

A conventional liquid crystal display device of 
this kind has such a construction as shown in Rg. 
1. wherein a pair of opposed transparent base 
plates 11 and 12 as of glass are separated by a 
spacer 13 interposed therebetween along their 
marginal portions and liquid crystal 14 is sealed in 
the space defined by the transparent base plates 
11 and 12 therebetween. 

The transparent base plate 1 1 has on its inside 
a plurality of display electrodes 15 and thin film 
transistors 16 formed as switching elements adja- 
cent the display electrodes 15, drains of the thin 
film transistors 16 being connected to the display 
electrodes 15, respectively. 

On the inside of the other transparent base 
plate 12 there is formed a transparent common 
electrode 17 opposite the display electrodes 15. 

The display electrodes 15 are, for example, 
pixel electrodes. As depicted in Fig. 2, on the 
transparent base plate 11 square display elec- 
trodes 15 are closely arranged in a matrix form and 
gate and source buses 18 and 19 are formed close 
to the display electrodes 15 and extend along them 
in the row and column directions, respectively. 

At the intersections of the gate and source 
buses 18 and 19 there are disposed the thin film 
transistors 16. which have their gates and sources 
connected to the gate and source buses 18 and 19 
at their Intersections and have their drains con- 
nected to the display electrodes 15. 

Applying voltage across a selected one of each 
of the gate and source buses 18 and 19, only the 
associated thin film transistor 16 is turned ON and 
charges are stored in the display electrode 15 
connected to its drain, applying voltage across only 
that portion of the liquid crystal 14 staying between 
the above-mentioned display electrode 15 and the 
common electrode 17. By this, only the above-said 
portion of the liquid crystal 14 corresponding to the 
display electrode 15 is rendered transparent or 
nontransparent to light, thus providing a selective 
display. This display can be erased by discharging 
the charges stored In the above-mentioned display 
electrode 15. 

Rgs. 3 and 4 show a prior art example of the 
thin film transistor 16. On the transparent base 
plate 11 the display electrode 15 and the source 
bus 19 are each formed by a transparent conduc- 
tive film as of ITO and a semiconductor layer 22 as 



of amorphous silicon is formed which bridges the 
gap between the display electrode 15 and the 
source bus 19 along their parallel-opposed mar- 
ginal portions 15a and 19a which act as a drain 

5 electrode and a source electrode, respectively. The 
semiconductor layer 22 is covered with a gate 
insulating film 23 as of silicon nitride. 

On the gate insulating film 23 there is formed a 
gate electrode 24 which overlaps the semiconduc- 

10 tor layer 22 via the gate insulating film 23. The 
gate electrode 24 is connected at one end to the 
gate bus 18. 

The drain and source electrodes 15a and 16a, 
the semiconductor layer 22, the gate insulating film 

76 23. and the gate electrode 24 make up the thin film 
transistor 16. The gate electrode 24 and the gate 
bus 18 are simultaneously fonned of a high con- 
ductivity metal such as aluminum (Al). Further, the 
drain and source electrodes 15a and 19a ^re cov- 

20 ered with ohmic contact layers 25 and 26. which 
are formed by n^-type semiconductor layers, for 
example. 

With the conventional liquid crystal display de- 
vice of this kind, it is necessary, for providing a 

25 high-resolution display over a wide area, that the 
number of display electrodes be increased. In this 
instance, if the size of the display screen is fixed, 
the source buses 19 become nanrower as the num- 
ber of display electrodes increases, and if the pitch 

30 of the source buses 19 is fixed, they become 
longer with an Increase in the number of display 
electrodes and hence with an increase in the size 
of the display screen. In either case, the resistance 
of each source bus 19 over the entire length there- 

35 of increases and the voltage drop thereacross also 
increases accordingly, so that uniform brightness 
cannot be obtained over the entire length of the 
source bus 19, resulting in a brightness gradient 
That Is, the farther away from the drive source, the 

40 lower the brightness. 

The brightness gradient could be reduced by 
decreasing the resistance value of the source bus 
19. One possible method therefor is to increase the 
cross-sectional area of the source bus 19 by in* 

45 creasing Its width. However, an increase in the 
width of the source bus 19 will inevitably decrease 
the ratio of the sum of the areas of all the display 
electrodes 15 to the total area of the display screen 
(which ratio will hereinafter be referred to as the 

so aperture ratio), leading to the degradation of the 
display quality. 

Another method, which overcomes the above- 
mentioned defect, is to deposit a high conductivity 
metal layer on each source bus 19 over the entire 
length thereof to reduce Its resistance value. If 
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aluminum which Is used for the gate bus 18 Is 
applied as well to the formation of the high con- 
ductivity metal layer, then it can be deposited on 
the source bus 19 simultaneously with the forma- 
tion of the gate bus 18 without involving any par- 
ticular step therefor. Consequently, the use of alu- 
minum would be preferable in terms of the manu- 
facturing process and cost. 

Where the aluminum is deposited In direct 
contact with the ITO which forms the source bus 
19. however, the subsequent annealing or similar 
heat treatment will allow oxygen in the ITO to 
combine with the aluminum in the interface there- 
between, forming there an oxygen-aluminum com- 
bined layer. It has been found that the formation of 
the oxygen-aluminum combined layer increases 
the contact resistance between the ITO and alu- 
minum layers, resulting in the resistance value of 
the source bus 19 becoming about the same as 
that of the ITO at the lowest. 

Terminals of the gate buses 18 at one end are 
fomned of ITO, partly because its contact resis- 
tance is stable and partly because they can be 
fonmed simultaneously with the formation of the 
display electrodes 15. Also In this instance, an 
oxygen-aluminum combined layer will be formed in 
the interface between the aluminum layer forming 
each gate bus 18 and the ITO layer forming the 
terminal as in the above case. The oxygen-alu- 
minum combined layer increases the contact resis- 
tance between the aluminum and ITO layers, pro- 
viding an equivalent circuit stmcture with a resistor 
interposed between the gate bus 18 and its termi- 
nal. Since the resistance values of these resistors 
are not uniform, the amplitude value of a drive 
signal scatters or differs with respective columns, 
introducing variations in the brightness of a display 
image. 

Besides, the combination of the aluminum and 
the oxygen gradually proceeds in both of the gate 
buses 18 and the source buses 19 with the lapse 
of time, the conventional liquid crystal display de- 
vice becomes less stable and hence cannot stand 
long use. 



SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a liquid crystal display device which 
implements low-resistance bus structures which 
stably maintain their low-resistance properties for a 
long time. 

In the liquid crystal display device of the 
present invention in which display electrodes and 
source buses are each formed by a transparent 
conductive layer, a metal bus of a high melting 
point metal is formed by deposition so that it 



overlaps at least one marginal portion of the trans- 
parent conductive layer forming each source bus, 
and an insulating layer is formed on such metal 
buses almost all over a base plate. The insulating 

5 layer has a window which extends along one side 
of each display electrode to partly expose the top 
face of the metal bus, and the window is filled with 
a bus segment of a high conductivity metal layer 
which makes contact with the metal bus. 

70 According to the present invention, the high 
conductivity metal layer Is deposited on the high 
melting point metal layer so that the transparent 
conductive layer and the high conductivity metal 
layer do not make direct contact with each other. 

75 Consequently, no oxygen-metal combined layer 
forms in the interface between the transparent con- 
ductive layer and the high conductivity metal layer, 
and the source bus is stably held low in resistance 
by the high conductivity metal layer. Accordingly, 

20 no brightness gradient will develop, even if the 
source bus is not formed wide. Thus the liquid 
crystal display device of the present invention 
achieves high brightness and provides a highly 
precise display without reducing the afore-men- 

25 tioned aperture ratio. 



BRIEF DESCRIPTION OF THE DRAVyiNGS 

30 Fig. 1 is a sectional view of a liquid crystal 

display device for explaining the prior art; 

Rg. 2 is a plan view schematically showing 
the arrangement of display electrodes and thin film 
transistors In the conventional liquid crystal display 
35 device; 

Rg. 3 is a plan view showing a pattern of 
arrangement of electrodes, thin film transistors, 
source buses and gate buses in the conventional 
liquid crystal display device; 
40 Fig. 4 is a sectional view of the thin film 

transistor taken on the line 4-4 in Fig. 3; 

Rgs. 5A through 5D are sectional views illus- 
trating a sequence of steps involved In the forma- 
tion of source buses in a first embodiment of the 
45 present invention; 

Figs. 6A through 6D are sectional views illus- 
trating a sequence of steps involved in the fomna- 
tion of gate bus terminals in the first embodiment 
of the present invention; 
50 Rg. 7 is a plan view for explaining the plane 

structure of the liquid crystal display device of the 
present invention; 

Rgs. 8A through 8D are sectional views illus- 
trating a sequence of steps involved in the forma- 
55 tion of source buses in a second embodiment of 
the present invention; 

Figs. 9A through 90 are sectional views illus- 
trating a sequence of steps involved in the forma- 
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tion of gate bus terminais in the second embodi- 
ment of the present invention; and 

Fig. 10 is a graph for explaining the effect of 
the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring first to Figs. 5A through 5D, 6A 
through 6D and 7, the structure of the liquid crystal 
display device according to a first embodiment of 
the present invention will be described together 
with its manufacturing steps. 

Rgs. 5A through 5D are sectional views taken 
on the line 5-5 In Fig. 7 and Figs. 6A through 6D 
are sectional views taken on the line 6-6 in Fig. 7. 

Hg. 7 shows the relative an'angement of the 
gate and source buses 18 and 19. the display 
electrode 15 and the thin film transistor 16. 

The structural feature of the liquid crystal dis- 
play device according to the first embodiment of 
the present invention resides in the source bus 19 
depicted In Figs. 5A through 5D. The source bus 
19 has a three-layer structure which comprises a 
transparent conductive bus 19A formed of ITO, a 
metal bus 19B formed by a high melting point 
metal layer on the transparent conductive bus 19A. 
and a bus segment 190 formed by a high con- 
ductivity metal layer on the metal bus 198 as 
shown !n Rg. 50. 

Rgs. 6A through 60 schematically illustrate the 
gate bus 18. As depicted in Fig. 6D. a gate bus 
terminer 18A Is fonned by a transparent conductive 
layer and a metal pad 18B is formed by a high 
melting point metal layer on the inner end portion 
of the gate bus terminal 18A. The gate bus 18 
formed by a high conductivity metal layer Is con- 
nected to the terminal 18A through a window 160 
made in an insulating layer 23 overlying the metal 
pad 18B. 

Next, a' description will be given, with reference 
to Rgs. 5A through 50 and 6A through 6D, of an 
example of the manufacturing process of the liquid 
crystal display device of the present invention. 

The manufacture starts with the formation of 
the transparent conductive buses 19A of ITO on 
one side of the transparent base plate 11 at the 
position where to provide the source buses 19, as 
shown In Rg. 5A. In this step the display elec- 
trodes 15 and the gate bus terminals 18A are also 
formed of the ITO simultaneously with the forma- 
tion of the transparent conductive buses 19A, as 
shown in Fig. 6A. 

Incidentally, source bus terminals 19E (Rg. 7) 
are also formed by the ITO transparent conductive 
layer. That is. the transparent conductive buses 
19A are formed to the edge of the transparent base 
plate 11 at one side thereof and their end portions 



are used as the source bus terminais 19E. 

The next step consists in forming the metal 
buses 19B by a high melting point metal layer 
which covers the transparent conductive buses 19A 

5 as shown in Fig. 5B. At the same time, the metal 
pads 18B are formed by the high melting point 
metal on the inner marginal portions of the gate 
bus terminals 18A as depicted in Fig. 6B. The high 
melting point metal usable for the metal buses 19B 

10 and the metal pads 18B Is chromium (Or), for 
instance. 

In the next step the insulating layer 23, which 
serves also as a gate insulating film of each thin 
film transistor 16, is deposited all over the transpar- 

15 ent base plate 11, and the insulating layer 23 is 
selectively removed by etching or the like, leaving 
required portions. At the same time, the insulating 
layer 23 is removed, as by etching, to form therein 
slot-like windows 19D to expose part of each metal 

20 bus 19B which will ultimately serve as the source 
bus 19 and the window 180 to expose part of each 
metal pad 18B of the high melting point metal layer 
overlying the gate bus terminal 18A as shown In 
Rgs. 50 and 60. Each window 19D extends along 

25 one side of corresponding display electrode 15 but 
terminates at the intersection of the gate and 
source buses 18 and 19 as depicted in Rg. 7. 

The selective removal of the Insulating layer 23 
is followed by the formation of the segment buses 

30 190 and the gate buses 18 by the same high 
conductivity metal layer. The gate buses 18 are 
connected to the metal pads 18B of the high melt- 
ing point metal layer through the windows 180 
made in the insulating layer 23, and the bus seg- 

35 ments 190 are formed on each metal bus 19B. 
filling the windows 19D made in the insulating layer 
23. 

The high conductivity metal for the bus seg- 
ments 190 and the gate buses 18 is aluminum as 

40 is the case with the gate electrodes. The high 
conductivity metal layer is deposited by evapora- 
tion or sputtering over the entire area of the surface 
of the insulating layer 23 and is selectively etched 
away, thereby providing such structures as shown 

45 in Rgs. 5D and 6D. The bus segments 190 are not 
formed at the intersection of the source and gate 
buses 19 and 18 either. 

Figs. 8A through 8D and 9A through 90 illus- 
trate a second embodiment of the present inven- 

50 tion. 

In this embodiment the manufacture begins 
with simultaneous formation of the metal buses 
19B and the metal pads 18B of a high melting 
point metal on the transparent base plate 11 at 
55 positions where the source buses 19 and the gate 
bus temilnals 18A will ultimately be provided, re- 
spectively (Rgs. 8A and 9A). 

Next, the display electrodes 15, the gate bus 
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terminals 18A and the source bus terminals 19E 
(Fig. 7) are simultaneously formed by the same 
ITO transparent conductive layer. The gate bus 
terminals 18A and the source bus terminals 19E 
may also be formed of the high melting point 
metal, but since the electrical contact resistance of 
the high melting point metal layer as of chromium 
(Cr) is not stable, this embodiment utilizes the 
display electrode forming step to form the gate bus 
terminals 18A and the source bus terminals 19E by 
the transparent conductive layer. 

In this embodiment two transparent conductive 
buses 19A are formed overlapping opposite mar- 
ginal portions of each metal bus 19B of the high 
melting point metal deposited at the position where 
to form the source bus 19. 

According to this method in which the transpar- 
ent conductive bus 19A overlapping at least one 
marginal portion of each metal bus 19B, even if the 
metal bus 19B breaks off during formation thereof, 
the broken-off portion can be by-passed through 
the transparent conductive bus 19A. This improves 
the yield rate of product. 

After the formation of the transparent conduc- 
tive buses 19A and the gate bus terminals 18A, the 
insulating layer 23 is deposited substantially all 
over the base plate 11. The insulating layer 23 is 
selectively removed to form therein the windows 
19D and 18C at predetermined positions on the 
metal buses 19B and the metal pads 188 in the 
same manner as described previously with regard 
to the first embodiment. After this, a high con- 
ductivity metal layer is deposited by evaporation or 
sputtering ail over the surface of the insulating 
layer 23 and the high conductivity metal layer is 
selectively etched away to form the bus segments 
19C for the source buses and the gate buses 18. 

The bus segment 19C is not formed at the 
position where the source bus 19 intersects with 
the gate bus 18 as depicted in Rg, 7. One end 
portion of each gate bus 18 makes contact with the 
metal pad 18B through the window 18C. 

As will be appreciated from the above, the 
structure of either embodiment of the present in- 
vention affords reduction of the resistance value of 
each source bus 19 by the deposition thereon of 
the plurality of bus segments 19C of the high 
conductivity metal. Thus the source bus 19 need 
not be widened for decreasing its resistance value, 
and consequently, the afore-mentioned aperture ra- 
tio is not reduced. Hence the liquid crystal display 
device of the present invention provides a high- 
brightness, high-precision display. 

Moreover, each bus segment 19C is not in 
direct contact with the transparent conductive bus 
forming the source bus 19 but is connected thereto 
through the metal bus 19B of the high melting 
point metal layer. It is presumed from Fig. 10. 



described later, that oxygen in the ITO forming the 
transparent conductive layer does not easily com- 
bine with the high melting point metal In the inter- 
face between the transparent conductive layer and 

5 the high melting point metal layer. Consequently, 
no change is caused in the contact resistances 
between the bus segments 19C by the high con- 
ductivity metal layer and the metal buses 198 by 
the high melting point metal layer and between the 

10 metal buses 198 and the transparent conductive 
buses 19A, so that the contact resistances can be 
stably held low for a long time. 

Fig. 10 shows an example of the sum of mea- 
sured values of the total resistance of the source 

IS bus, i.e. the resistance over the entire length of the 
source bus, and the contact resistance between the 
source bus and the terminal of the transparent 
conductive bus. In the case of the structure accord- 
ing to the present invention, when it was annealed 

20 at 180 and 280*0, the sum of the contact resis- 
tance and the total resistance of the source bus 
was about 1 kO as indicated by circles in Fig. 10. 
In contrast thereto, in the case of the conventional 
structure composed of the aluminum and transpar- 

25 ent conductive ITO layers, the above-mentioned 
sum of resistances scattered in the ranges of from 
1 to 10 kO and from 5 to 100 kQ as indicated by 
crosses when it was annealed at 180 and 280*0, 
respectively. 

30 Also In each gate bus 18. the contact resis- 
tance between the gate bus terminal 18A and the 
gate bus 18 will not increase, because the high 
conductivity metal layer forming the gate bus 18 is 
connected through the high melting point metal 

36 pad 188 to the gate bus terminal 18A formed by 
the transparent conductive layer. With such a struc- 
ture, the amplitude of a drive signal to the thin film 
transistors 16 does not largely scatter for each row 
or column, and hence no appreciable variations 

40 occur in brightness, thus providing a stable display 
of image. 

Although the above embodiments have been 
described to use chromium (Cr) for the high melt- 
ing point metal layer, it is also employed nickel 

45 (Ni), molybdenum (Mo), tantalum (Ta). a nickel- 
chromium (Ni-Cr) alloy, or molybdenum-tantalum 
(Mo-Ta) ailoy for the high melting point metal layer. 

It will be apparent that many modifications and 
variations may be effected without departing from 

50 the scope of the novel concepts of the present 
invention. 



Clalnns 

55 

1. An active matrix type liquid crystal display 
device which drives liquid crystal by applying volt- 
age to display electrodes of transparent conductive 
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layer arranged in a matrix form on a transparent 
base plate, through thin film transistors disposed at 
intersections of source and gate buses, comprising: 
transparent conductive buses each formed by the 
same transparent conductive layer as those of said 
display electrodes and extending along each col- 
umn of said display electrodes; 
metal buses each formed by a high melting point 
metal layer overlapping and extending along said 
transparent conductive bus, each of said source 
buses being composed of said transparent conduc- 
tive bus and said metal bus; 
an insulating layer formed almost all over said base 
plate and having a slot-lil<e window extending along 
one side of each of said display electrodes In the 
column direction and partly exposing therethrough 
the surface of said metal bus; and 
bus segments each formed by a high conductivity 
metal layer filling said slot-like window of said 
insulating layer to directly cover said exposed sur- 
face of said metal bus. 

2. The liquid crystal display device of claim 1 
wherein each said metal bus covers said transpar- 
ent conductive bus substantially over the entire 
length thereof. 

3. The liquid crystal display device of claim 2 
which further includes gate bus terminals formed 
by the same transparent conductive layer as that of 
said transparent conductive buses and arranged 
side by side on one marginal portion of said base 
plate, and metal pads each formed on one of said 
gate bus terminals by the same high melting point 
metal layer as that of said metal buses, and in 
which said insulating layer further has a window 
formed therein at a position corresponding to each 
of said metal pads and said gate buses are each 
formed on said insulating layer by the same high 
conductivity metal layer as those of said bus seg- 
ments, extend along each row of said display elec- 
trodes, and fill said window of said insulating layer 
to mal<e direct contact with said metal pad on the 
corresponding gate bus terminal. 

4. The liquid crystal display device of claim 1 
wherein one marginal portion of each said transpar- 
ent conductive bus overlaps one marginal portion 
of the corresponding metal bus over the entire 
length thereof. 

5. The liquid crystal display device of claim 4 
which further includes second transparent conduc- 
tive buses formed by the same transparent con- 
ductive layer as that of first mentioned said trans- 
parent conductive buses, one marginal portion of 
each said second transparent conductive bus over- 
lapping the other marginal portion of said cor- 
responding metal bus, and in which said slot-like 
windows are made in said insulating layer to partly 
expose the surface of each said metal bus between 
the opposed edges of said two opposed transpar- 



ent conductive buses. 

6. The liquid crystal display device of claim 4 
which further includes metal pads each corre- 
sponding to one of said gate buses and formed on 

5 another marginal portion of said base plate by the 
same high melting point metal layer as that of said 
metal buses, and gate bus terminals each formed 
by the same transparent conductive layer as that of 
said transparent conductive buses and overlapping 
10 one of said metal pads, and In which said insulat- 
ing layer further has a window formed therein at a 
position conresponding to each of said metal pads 
and said gate buses are each formed on said 
insulating layer by the same high conductivity met- 
is ai layer as those of said bus segments, extend 
along each row of said display electrodes, and fill 
said window of said insulating layer to make direct 
contact with the corresponding metal pad. 

7. The liquid crystal display device of claim 3 
20 or 6 wherein source bus temninals, formed by the 

same transparent conductive layers as that of said 
transparent conductive buses, are each connected 
to one end olsaid transparent conductive buses. 

8. The liquid crystal display device of claim 1, 
25 2. 3, 4. 5, or 6 wherein said high melting point 

metal layer Is formed of chromium (Cr). 

9. The liquid crystal display device of claim 1, 
2, 3, 4, 5, or 6 wherein said high conductivity metal 
layer is formed of aluminum (AI). 

30 10. The liquid crystal display device of claim 1, 
2, 3, 4, 5. or 6 wherein said transparent conductive 
layer is formed of ITO. 
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@ In an active matrix type liquid crystal display 
device which drives liquid crystal by applying volt- 
age via a thin film transistor to each of transparent 
display electrodes (15) arranged in a matrix form, 
source buses (19) are each composed of a transpar- 
ent conductive bus (19A) formed by a transparent 
conductive layer extending along each column of the 
display electrodes (15) and a metal bus (19B) 
formed by a high melting point metal layer overlap- 
ping and extending along the transparent conductive 
bus (19A). An insulating layer (23) is coated almost 
all over the surface of a base plate (11) on which the 
source buses (19) are disposed. The insulating layer 
has slot-like windows (19D) each extending along 
one side of each display electrode (15) so that the 
surface of the con'esponding metal bus (19B) is 
partly exposed. A bus segment (19C) formed by a 
conductivity metal layer fills each slot-window (19D) 
to make direct contact with the metal bus (19B). 
With such a source bus structure in which the high 
conductivity metal layer and the transparent conduc- 
tive layer are connected through the high melting 
point metal layer, the resistance value of the source 
bus (19) is small and remains stable for a long time. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to an active matrix 
liquid crystal display device which has a wide display 
area and provides a clear, highly precise display infv 
age accordingly. 

Aconventional liquid crystal display device of this 
idnd has such a construction as shown In Fig. 1, 
wherein a pair of opposed transparent base plates 11 
and 12 as of glass are separated by a spacer 13 in- 
terposed therebetween along their marginal portions 
and liquid crystal 14 is sealed In the space defined by 
the transparent base plates 11 and 12 therebetween. 

The transparent base plate 11 has on its inside a 
plurality of display electrodes 1 5 and thin film transis- 
tors 16 formed as switching elements adjacent the 
display electrodes 15, drains of the thin film transis- 
tors 16 being connected to the display electrodes 15, 
respectively. 

On the inside of the other transparent base plate 
12 there is formed a transparent common electrode 

17 opposite the display electrodes 15. 

The display electrodes 15 are, for example, pixel 
electrodes. As depicted in Fig. 2, on the transparent 
base plate 1 1 square display electrodes 15 are close- 
ly arranged in a matrix form and gate and source bus- 
es 18 and 19 are formed close to the display electro- 
des 15 and extend along them in the row and column 
directions, respectively. 

At the Intersections of the gate and source buses 

18 and 19 there are disposed the thin film transistors 
16, which have their gates and sources connected to 
the gate and source buses 1 8 and 1 9 at their intersec- 
tions and have their drains connected to the display 
electrodes 15. 

Applying voltage across a selected one of each of 
the gate and source buses 18 and 19, only the asso- 
ciated thin film transistor 16 is turned ON and charg- 
es are stored in the display electrode 1 5 connected to 
its drain, applying voltage across only that portion of 
the liquid crystal 14 staying between the above- 
mentioned display electrode 15 and the common 
electrode 17. By this, only the above-said portion of 
the liquid crystal 14 corresponding to the display elec- 
trode 15 is rendered transparent ornontransparentto 
light, thus providing a selective display. This display 
can be erased by discharging the charges stored in 
the above-mentioned display electrode 15. 

Figs. 3 and 4 show a prior art example of the thin 
film transistor 16. On the transparent base plate 11 
the display electrode 15 and the source bus 19 are 
each formed by a transparent conductive film as of 
iTO and a semiconductor layer 22 as of amorphous 
silicon is formed which bridges the gap between the 
display electrode 15 and the source bus 19 along their 
parallel-opposed marginal portions 15a and 19a 



which act as a drain electrode and a source electrode, 
respectively. The semiconductor layer 22 is covered 
with a gate insulating film 23 as of silicon nitride. 
On the gate Insulating film 23 there Is formed a 

5 gate electrode 24 which overlaps the semiconductor 
layer 22 via the gate insulating film 23. The gate elec- 
trode 24 Is connected at one end to the gate bus 18. 

The drain and source electrodes 15a and 16a, the 
semiconductor layer 22, the gate insulating film 23, 

10 and the gate electrode 24 mai^e up the thin film tran- 
sistor 16. The gate electrode 24 and the gate bus 18 
are simultaneously formed of a high conductivity met- 
al such as aluminum (Al). Further, the drain and 
source electrodes 15a and 19a are covered with oh- 

15 mic contact layers 25 and 26, which are formed by n*^- 
type semiconductor layers, for example. 

With the conventional liquid crystal display de- 
vice of this Idnd, it is necessary, for providing a high- 
resolution display over a wide area, that the number 

20 of display electrodes be increased. In this instance, if 
the size of the display screen is fixed, the source bus- 
es 19 become narrower as the number of display elec- 
trodes increases, and if the pitch of the source buses 
1 9 is f bced, they become longer with an increase in the 

25 number of display electrodes and hence with an in- 
crease in the size of the display screen, in either case, 
the resistance of each source bus 19 over the entire 
length thereof increases and the voltage drop there- 
across also Increases accordingly, so that uniform 

30 brightness cannot be obtained over the entire length 
of the source bus 19, resulting in a brightness gra- 
dient. That is, the farther away from the drive source, 
the lower the brightness. 

The brightness gradient could be reduced by de- 

35 creasing the resistance value of the source bus 19. 
One possible method therefor is to increase the 
cross-sectional area of the source bus 19 by increas- 
ing its width. However, an increase in the width of the 
source bus 19 will inevitably decrease the ratio of the 

40 sum ofthe areas of all the display electrodes 15tothe 
total area of the display screen (which ratio will here- 
inafter be referred to as the aperture ratio), leading to 
the degradation ofthe display quality. 

Another method, which overcomes the above- 

45 mentioned defect, is to deposit a high conductivity 
metal layer on each source bus 19 over the entire 
length thereof to reduce its resistance value. If alumi- 
num which is used for the gate bus 18 is applied as 
well to the formation of the high conductivity metal 

50 layer, then it can be deposited on the source bus 19 
simultaneously with the formation ofthe gate bus 18 
without involving any particular step therefor. Conse- 
quently, the use of aluminum would be preferable in 
terms of the manufacturing process and cost. 

55 Where the aluminum is deposited in direct con- 
tact with the iTO which forms the source bus 19. how- 
ever, the subsequent annealing or similar heat treat- 
ment will allow oxygen in the iTO to combine with the 
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aluminum in the interface therebetween, forming 
there an oxygen-aluminum combined layer. It has 
been found that the formation of the oxygen-alumi- 
num combined layer increases the contact resistance 
between the ITO and aluminum layers, resulting in 5 
the resistance value of the source bus 19 becoming 
about the same as that of the ITO at the lowest. 

Terminals of the gate buses 18 at one end are 
formed of ITO, partly because its contact resistance 
Is stable and partly because they can be formed si- io 
multaneously with the formation of the display elec- 
trodes 15. Also in this instance, an oxygen-aluminum 
combined layer will be formed in the interface be- 
tween the aluminum layer forming each gate bus 18 
and the ITO layer forming the terminal as in the above is 
case. The oxygen-aluminum combined layer Increas- 
es the contact resistance between the aluminum and 
ITO layers, providing an equivalent circuit structure 
with a resistor interposed between the gate bus 18 
and its terminal. Since the resistance values of these 20 
resistors are not uniform, the amplitude value of a 
drive signal scatters or differs with respective col- 
umns, introducing variations in the brightness of a dis- 
play image. 

Besides, the combination of the aluminum and 25 
the oxygen gradually proceeds in both of the gate 
buses 18 and the source buses 19 with the lapse of 
time, the conventional liquid crystal display device 
becomes less stable and hence cannot stand long 
use. 30 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 
to provide a liquid crystal display device which imple- 35 
ments low-resistance bus structures which stably 
maintain their low-resistance properties for a long 
time. 

The present invention, in common with EP-A-0 
266 252, provides an active matrix type liquid crystal 40 
display device comprising liquid crystal, display elec- 
trodes formed from a transparent conductive layer 
and arranged in a matrix form consisting of rows and 
columns on a transparent base plate, source and gate 
buses and thin film transistors disposed at intersec- 45 
tions of said source and gate buses, so that the dis- 
play electrodes may be selectively energized, via the 
thin film transistors, by the selective application of 
voltage to the source and gate buses, said source 
buses each including a transparent conductive bus 50 
formed from the same transparent conductive layer 
as that forming said display electrodes and being ad- 
jacent to and extending along the direction of each 
column of said display electrodes. 

The invention is characterized by ss 
each source bus further including a metal bus 
formed from a high melting point metal layer, each 
said metal bus extending along a respective one of 



the transparent conductive buses, and each said met- 
al bus and its respective transparent conductive bus 
being in overlapping relationship; 

an insulating layer formed almost all over the 
surface extent of the base plate, so as to cover the 
transparent conductive buses and metal buses on 
said base plate, but having a slot-shaped window 
positioned by one side of each of said display electro- 
des and extending in the column direction, said win- 
dows exposing therethrough part of the surface of 
said metal bus; and 

bus segments each formed by a high conduc- 
tivity metal layer arranged to fill said slot-shaped win- 
dow of said Insulating layerso as to directly cover said 
exposed surface of said metal bus, each of said 
source buses being composed of one said transpar- 
ent conductive bus, one said metal bus and one said 
bus segment 

According to the present invention, the high con- 
ductivity metal layer is deposited on the high melting 
point metal layer so that the transparent conductive 
layer and the high conductivity metal layer do not 
make direct contact with each other. Consequently, 
no oxygen-metal combined layer forms in the inter- 
face between the transparent conductive layer and 
the high conductivity metal layer, and the source bus 
is stably held low in resistance by the high conductiv- 
ity metal layer. Accordingly, no brightness gradient 
will develop, even If the source bus is not formed 
wide. Thus the liquid crystal display device of the 
present Invention achieves high brightness and pro- 
vides a highly precise display without redudng the 
afore-mentioned aperture ratio. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a liquid crystal display 
device for explaining the prior art; 
Fig. 2 is a plan view schematically showing the ar- 
rangement of display electrodes and thin film 
transistors in the conventional liquid crystal dis- 
play device; 

Fig. 3 is a plan view showing a pattern of arrange- 
ment of electrodes, thin film transistors, source 
buses and gate buses in the conventional liquid 
crystal display device; 

Fig. 4 is a sectional view of the thin film transistor 
taken on the line 4-4 In Fig. 3; 
Figs. 5A through 5D are sectional views illustrat- 
ing a sequence of steps involved in the formation 
of source buses in a first embodiment of the pres- 
ent invention; 

Figs. 6A through 6D are sectional views illustrat- 
ing a sequence of steps involved in the formation 
of gate bus terminals in the first embodiment of 
the present invention; 

Fig. 7 is a plan viewfor explaining the plane struc- 
ture of the liquid crystal display device of the 
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present invention; 

Figs. 8A through 8D are sectional views illustrat- 
ing a sequence of steps involved in the fomnatlon 
of source buses in a second embodiment of the 
present invention; 

Figs. 9A through 9D are sectional views illustrat- 
ing a sequence of steps Involved in the formation 
of gate bus terminals in the second embodiment 
of the present invention; and 
Fig. 10 is a graph for explaining the effect of the 
present Invention. 

DESCRIPTION OF THE PREFERRED 
EMBODII^ENTS 

Refenring first to Figs. 5A through 5D, 6A through 
6D and 7, the structure of the liquid crystal display de- 
vice according to a first embodiment of the present in- 
vention will be described together with its manufac- 
turing steps. 

Figs. 5A through 5D are sectional views taken on 
the line 5-5 in Fig. 7 and Figs. 6A through 6D are sec- 
tional views taken on the line 6-6 in Fig. 7. 

Fig. 7 shows the relative arrangement of the gate 
and source buses 18 and 19, the display electrode 15 
and the thin film transistor 1 6. 

The structural feature of the liquid crystal display 
device according to the first embodiment of the pres- 
ent invention resides in the source bus 19 depicted in 
Figs. 5A through 5D. The source bus 19 has a three- 
layer structure which comprises a transparent con- 
ductive bus 19A formed of ITO, a metal bus 19B 
formed by a high melting point metal layer on the 
transparent conductive bus 19A, and a bus segment 
1 9C formed by a high conductivity metal layer on the 
metal bus 19B as shown in Fig. 5D. 

Figs. 6A through 6D schematically illustrate the 
gate bus 18. As depicted in Fig. 6D, a gate bus termi- 
nal 18A is formed by a transparent conductive layer 
and a metal pad 18B is formed by a high melting point 
metal layer on the inner end portion of the gate bus 
terminal 18A. The gate bus 18 formed by a high con- 
ductivity metal layer is connected to the terminal 18A 
through a window 1 8C made in an insulating layer 23 
overlying the metal pad 18B. 

Next, a description will be given, with reference to 
Figs. 5A through 5D and 6A through 6D, of an exam- 
ple of the manufacturing process of the liquid crystal 
display device of the present Invention. 

The manufacture starts with the formation of the 
transparent conductive buses 19Aof ITO on one side 
of the transparent base plate 11 at the position where 
to provide the source buses 19, as shown in Fig. 5A. 
In this step the display electrodes 15 and the gate bus 
terminals 18A are also formed of the ITO simultane- 
ously with the formation of the transparent conductive 
buses 19A. as shown in Fig. 6A. 

Incidentally, source bus terminals 1 9E (Fig. 7) are 



also formed by the ITO transparent conductive layer. 
That Is, the transparent conductive buses 19A are 
formed to the edge of the transparent base plate 11 
at one side thereof and their end portions are used as 

5 the source bus tenminals 19E. 

The next step consists in forming the metal buses 
1 9B by a high melting point metal layer which covers 
the transparent conductive buses 19A as shown in 
Fig. 5B. At the same time, the metal pads 18B are 

10 formed by the high melting point metal on the Inner 
marginal portions of the gate bus terminals 1 8Aas de- 
picted in Fig. 6B. The high melting point metal usable 
for the metal buses 19B and the metal pads 18B Is 
chromium (Or), for instance. 

15 In the next step the insulating layer 23, which 

serves also as a gate insulating film of each thin film 
transistor 16, is deposited all over the transparent 
base plate 11, and the insulating layer 23 is selective- 
ly removed by etching or the like, leaving required 

20 portions. At the same time, the insulating layer 23 is 
removed, as by etching, to fonm therein slot-like win- 
dows 19D to expose part of each metal bus 19B which 
will ultimately serve as the source bus 1 9 and the win- 
dow 180 to expose part of each metal pad 1 8B of the 

25 high melting point metal layer overlying the gate bus 
terminal ISA as shown in Figs. 50 and 60. Each win- 
dow 19D extends along one side of corresponding 
display electrode 1 5 but terminates at the intersection 
of the gate and source buses 18 and 19 as depicted 

30 in Fig. 7. 

The selective removal of the insulating layer 23 is 
followed by the formation of the segment buses 190 
and the gate buses 18 by the same high conductivity 
metal layer. The gate buses 18 are connected to the 

35 metal pads 18B of the high melting point metal layer 
through the windows 180 made in the insulating layer 
23, and the bus segments 190 are formed on each 
metal bus 19B, filling the windows 19D made In the 
Insulating layer 23. 

40 The high conductivity metal for the bus segments 
1 90 and the gate buses 1 8 Is aluminum as is the case 
with the gate electrodes. The high conductivity metal 
layer is deposited by evaporation or sputtering over 
the entire area of the surface of the Insulating layer 

45 23 and is selectively etched away, thereby providing 
such structures as shown in Figs. 5D and 6D. The bus 
segments 190 are not formed at the intersection of 
the source and gate buses 19 and 18 either. 

Figs. 8A through 8D and 9A through 9D illustrate 

50 a second embodiment of the present invention. 

In this embodiment the manufacture begins with 
simultaneous formation of the metal buses 19B and 
the metal pads 18B of a high melting point metal on 
the transparent base plate 11 at positions where the 

55 source buses 1 9 and the gate bus terminals 1 8A will 
ultimately be provided, respectively (Figs. 8A and 
9A). 

Next, the display electrodes 15, the gate bus ter- 
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minals 18Aand the source bus terminals 19E (Fig. 7) 
are simultaneously formed by the same ITO transpar- 
ent conductive layer. The gate bus terminals 18Aand 
the source bus terminals 19E may also be formed of 
the high melting point metal, but since the electrical 5 
contact resistance of the high melting point metal lay- 
er as of chromium (Cr) Is not stable, this embodiment 
utilizes the display electrode forming step to form the 
gate bus terminals 18A and the source bus terminals 
1 9E by the transparent conductive layer. io 

In this embodiment two transparent conductive 
buses 19Aare formed overlapping opposite marginal 
portions of each metal bus 19B of the high melting 
point metal deposited at the position where to form 
the source bus 19. is 

According to this method in which the transparent 
conductive bus 1 9A overlapping at least one marginal 
portion of each metal bus 19B. even If the metal bus 
19B breaks off during formation thereof, the broken- 
off portion can be by-passed through the transparent 20 
conductive bus 19A. This improves the yield rate of 
product. 

After the formation of the transparent conductive 
buses 19Aand the gate bus terminals 18A, the Insu- 
lating layer 23 is deposited substantially all over the 25 
base plate 11. The insulating layer 23 is selectively re- 
moved to form therein the windows 19D and 18C at 
predetermined positions on the metal buses 198 and 
the metal pads 188 in the same manner as described 
previously with regard to the first embodiment. After 30 
this, a high conductivity metal layer is deposited by 
evaporation or sputtering all over the surface of the 
insulating layer 23 and the high conductivity metal 
layer is selectively etched away to form the bus seg- 
ments 19C for the source buses and the gate buses 35 
18. 

The bus segment 19C is not formed at the posi- 
tion where the source bus 19 intersects with the gate 
bus 18 as depicted in Fig. 7. One end portion of each 
gate bus 18 makes contact with the metal pad 188 40 
through the window 18C. 

As will be appreciated from the above, the struc- 
ture of either embodiment of the present invention af- 
fords reduction of the resistance value of each source 
bus 19 by the deposition thereon of the plurality of bus 45 
segments 19C of the high conductivity metal. Thus 
the source bus 1 9 need not be widened for decreasing 
its resistance value, and consequently, the afore- 
mentioned aperture ratio is not reduced. Hence the 
liquid crystal display device of the present invention 50 
provides a high-brightness, high-precision display. 

Moreover, each bus segment 19C is not in direct 
contact with the transparent conductive bus forming 
the source bus 19 but is connected thereto through 
the metal bus 198 of the high melting point metal lay- 55 
er. It is presumed from Fig. 10, described later, that 
oxygen in the ITO forming the transparent conductive 
layer does not easily combine with the high melting 



point metal in the interface between the transparent 
conductive layer and the high melting point metal lay- 
er. Consequently, no change is caused in the contact 
resistances between the bus segments 190 by the 
high conductivity metal layer and the metal buses 198 
by the high melting point metal layer and between the 
metal buses 1 98 and the transparent conductive bus- 
es 19A, so that the contact resistances can be stably 
held low for a long time. 

Fig. 10 shows an example of the sum of meas- 
ured values of the total resistance of the source bus. 
I.e. the resistance over the entire length of the source 
bus, and the contact resistance between the source 
bus and the terminal of the transparent conductive 
bus. In the case of the structure according to the pres- 
ent invention, when it was annealed at 180 and 
280^0, the sum of the contact resistance and the total 
resistance of the source bus was about 1 kn as indi- 
cated by circles in Fig. 10. In contrast thereto, in the 
case of the conventional structure composed of the 
aluminum and transparent conductive ITO layers, the 
above-mentioned sum of resistances scattered in the 
ranges of from 1 to 10 k£^ and from 5 to 100 kA as 
indicated by crosses when it was annealed at 1 80 and 
280°C, respectively. 

Also in each gate bus 18, the contact resistance 
between the gate bus terminal 18Aand the gate bus 
18 will not increase, because the high conductivity 
metal layer forming the gate bus 18 is connected 
through the high melting point metal pad 188 to the 
gate bus terminal 18A formed by the transparent con- 
ductive layer. With such a structure, the amplitude of 
a drive signal to the thin film transistors 16 does not 
largely scatter for each row or column, and hence no 
appreciable variations occur in brightness, thus pro- 
viding a stable display of image. 

Although the above embodiments have been de- 
scribed to use chromium (Cr) for the high melting 
point metal layer, it Is also employed nickel (Ni), mo- 
lybdenum (Mo), tantalum (Ta), a nickel-chromium (Ni- 
Cr) alloy, or molybdenum-tantalum (Mo-Ta) alloy for 
the high melting point metal layer. 



Claims 

1 . An active matrix type liquid crystal display device 
comprising liquid crystal, display electrodes (15) 
formed from a transparent conductive layer and 
arranged in a matrix form consisting of rows and 
columns on a transparent base plate (11), source 
and gate buses (19, 18) and thin film transistors 
(1 6) disposed at intersections of said source and 
gate buses (19, 18), so that the display electro- 
des (15) may be selectively energized, via the 
thin film transistors (16), by the selective applica- 
tion of voltage to the source and gate buses (1 9, 
18), said source buses (19) each including a 
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transparent conductive bus (19A) formed fronn 
the same transparent conductive layer as that 
forming said display electrodes (15) and being 
adjacent to and extending along the direction of 
each column of said display electrodes; charac- 5 
terized by 

each source bus (1 9) further Including a 
metal bus (19B), formed from a high melting point 
metal layer, each said metal bus (19B) extending 
along a respective one of the transparent con- io 
ductive buses (19A), and each said metal bus 
(19B) and its respective transparent conductive 
bus (19A) being in overlapping relationship; 

an insulating layer (23) formed almost all 
over the surface extent of the base plate, so as is 
to cover the transparent conductive buses (19A) 
and metal buses (19B) on said base plate, but 
having a slot-shaped window (19D), positioned 
by one side of each of said display electrodes and 
extending in the column direction, said windows 20 
exposing therethrough part of the surface of said 
metal bus; and 

bus segments (19C) each formed by a 
high conductivity metal layer arranged to fill said 
slot-shaped window (1 9D) of said insulating layer 25 
so as to directly cover said exposed surface of 
said metal bus (19B), each of said source buses 
(19) being composed of one said transparent 
conductive bus (19A), one said metal bus (19B) 
and one said bus segment (1 9C). 30 

2. The liquid crystal display device of daim 1, 
wherein each said metal bus (19B) covers said 
transparent conductive bus (19A) substantially 
over the entire length thereof. 35 

3. The liquid crystal display device of claim 2 which 
further includes gate bus terminals (18A) formed 
from the same transparent conductive layer as 

that of said transparent conductive buses (19A) 40 
and arranged side by side on one marginal por- 
tion of said base plate, and metal pads (18B) 
each formed on one of said gate bus terminals 
(18A) from the same high melting point metal lay- 
er as that of said metal buses (1 9B), and in which 45 
said insulating layer (23) further has a window 
(18C) formed therein at a position corresponding 
to each of said metal pads (18B) and said gate 
buses (18) are each fbnmed on said insulating 
layer (23) from the same high conductivity metal 50 
layer as those of said bus segments (19C), ex- 
tend along each row of said display electrodes 
(15), and fill said window (19D) of said insulating 
layer to make direct contact with said metal pad 
(18B) on the conresponding gate bus terminal 55 
(18A). 

4. The liquid crystal device of daim 1 wherein one 



marginal portion of each said transparent con- 
ductive bus (19A) overlaps one marginal portion 
of the corresponding metal bus (19B) over the en- 
tire length thereof. 

5. The liquid crystal display device of daim 4 which 
further indudes second transparent conductive 
buses (19A) formed from the same transparent 
conductive layer as that of the first mentioned 
said transparent conductive buses (19A), one 
marginal portion of each said second transparent 
conductive buses overlapping the other marginal 
portion of said corresponding metal bus (19B), 
and in which said slot-shaped windows (19D) are 
made in said insulating layer (23) to partly expose 
the surface of each said metal bus (1 9B) between 
the opposed edges of said two opposed transpar- 
ent conductive buses (19A). 

6. The liquid crystal display device of claim 4 which 
further indudes metal pads (18B) each conre- 
sponding to one of said gate buses (18) and 
formed on another marginal portion of said base 
plate from the same high melting point metal lay- 
er as that of said metal buses (1 9B) and gate bus 
terminals (18A) each formed from the same 
transparent conductive layer as that of said trans- 
parent conductive buses (19A) and overlapping 
one of said metal pads (18B), and in which said 
insulating layer (23) further has a window (18C) 
formed therein at a position corresponding to 
each of said metal pads and said gate buses are 
each formed on said insulating layer from the 
same high conductivity metal layer as those of 
said bus segments (19C), extend along each row 
of said display electrodes (15), and fill said win- 
dow (18C) of said Insulating layer to make direct 
contact with the corresponding metal pad (18B). 

7. The liquid crystal display device of daim 3 or 6 
wherein source bus terminals (1 9E), formed from 
the same transparent conductive layers as that of 
said transparent conductive buses (19A), are 
each connected to one end of saki transparent 
conductive buses (19A). 

8. The liquid crystal display device of claim 1, 2, 3, 
4, 5, or 6 wherein said high melting point metal 
layer is formed of chromium (Cr). 

9. The liquid crystal display device of claim 1 , 2, 3, 
4, 5, or 6 wherein said high conductivity metal lay- 
er is formed of aluminium (Al). 

10. The liquid crystal display device of claim 1, 2, 3, 
4, 5, or 8 wherein said transparent conductive 
layer is formed of ITO. 
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Patentanspruche 

1 . Aktivmatrix-Flussigkristall-Anzeigevomchtung 
mit einem FIQssigkristall, Anzeigeelektroden 

(15) , gebildetaus einertransparenten leitfahigen 5 
Schicht und angeordnet in einer Matrixfoim, be- 
stehend aus Reihen und Spalten auf einer trans- 
parenten Basisplatte (11), Source- und 
Gatebussen (19, 18) und Dunnfilmtransistoren 

(16) , angeordnet an den Schnittpunkten der io 
Source- und Gatebusse (19, 18), so da& die An- 
zeigelektroden (15) selektiv mit Energle versorgt 
werden kdnnen uber die Dunnfilmtransistoren 

(16) durch das selektive Anlegen von Spannung 
an die Source- und Gatebusse (1 9, 1 8), wobei die is 
Sourcebusse (19) jeweils einen transparenten 
leitfahigen Bus (19A) entlialten, gebildetaus der- 
selben transparenten leitfdhigen Schicht, wie 
der, die die Anzeigeelektroden (15) bildet, und 
der benachbart ist zu und sich erstreckt entlang 20 
der Richtung jeder Spalte der Anzeigelektroden; 
dadurch gekennzelchnet, dad 
jeder Sourcebus (19) weiterhin einen Metallbus 
(198) beinhaltet, gebildet aus einer Metallschlcht 
mit hohem Schmelzpunkt, wobei sich jeder Me- 25 
tallbus (19B) erstreckt entlang eines jeweiligen 
der transparenten leitfdhigen Busse (19A), und 
jeder Metallbus (19B) und sein jeweiliger trans- 
parentergleitfShiger Bus (19A) in uberlappender 
Beziehung stehen; 30 
eine Isolierschicht (23) gebildet ist fast uberall auf 
der Oberfldchenerstreckung der Basisplatte, urn 
somit die transparenten leitfahigen Busse (19A) 
und Metallbusse (19B) auf der Basisplatte zu uber- 
decken, aber mit einem schlitzformigen Fenster 35 
(19D), positioniert durch eine Seite von jeder der An- 
zeigeelektroden und sich erstreckend in der Spai- 
tenrichtung, wobei die Fenster dadurch einen Teil 
derOberflSche des Metalibusses f railegen; und 
Bussegmente (19C), jeweils gebildet durch eine 40 
Hochleitfahigkeits-Metallschicht, angeordnet 
sind zum Fullen des schlitzfdrmigen Fenstera 
(19D) der Isolierschicht, urn somit direkt die frei- 
gelegte Oberflache des Metalibusses (19B) zu 
bedecken, wobei jeder der Sourcebusse (1 9) zu- 45 
sammengesetzt ist aus einem transparenten leit- 
fdhigen Bus (1 9A), einem Metallbus (1 9B) und ei- 
nem Bussegment (19C). 

2. Flussigkritall-Anzeigevorrichtung nach An- 50 
spruch 1. dadurch gekennzelchnet, dad jeder 
Metallbus (19B) den transparenten leitfahigen 

Bus (19A) im wesentlichen uber die gesamte 
L3nge davon uberdeckt. 

55 

3. Flussigkristall-Anzeigevorrichtung nach Anspruch 
2, gekennzelchnet durch Gatebusanschlusse (1 8A) 
gebildet aus derselben transparenten leit^higen 



Schicht wie der der transparenten leitfdhigen 
Busse (1 9A) und angeordnet Seite an Seite an ei- 
nem Randabschnitt der Basisplatte. und Metall- 
kissen (18B), jeweils gebildet auf einem der 
Gatebusanschlusse (18A) aus derselben Metall- 
schlcht mit hohem Schmelzpunkt wie der der Me- 
tallbusse (19B), und wobei die Isolierschicht (23) 
weiterhin ein Fenster hat (18C) darin gebildet hat 
an einer Position entsprechend jedem der Metall- 
kissen (18B) und die Gatebusse (18) jeweils ge- 
bildet sind auf der Isolierschicht (23) aus dersel- 
ben Hochleitfahigkeits- Metallschlcht wie der der 
Bussegmente (19C), sich entlangjederReiheder 
Anzeigeelektroden (15) erstrecken und das Fen- 
ster (19D) der Isolierschicht fullen, um direkten 
Kontakt zu machen mit dem Metallkissen (18B) 
auf dem entsprechenden Gatbusanschlut^ (18A). 

4. Flussigkristall-Anzeigevorrichtung nach An- 
spruch 1. dadurch gekennzelchnet, da& ein 
Randabschnitt von jedem transparenten leitfihl- 
gen Bus (19A) uberlappt uber einen Randab- 
schnitt des entsprechenden Metalibusses (19B) 
uber die gesamte Lange davon. 

5. Flussigkristall-Anzeigevorrichtung nach An- 
spruch 4, gekennzelchnet durch zweite transpa- 
rente leitfahige Busse (19A). gebildet aus dersel- 
ben transparenten leitfdhigen Schicht wie der der 
ersten erwahnten transparenten leitfahigen Bus- 
se (1 9A), wobei ein Randabschnitt von jedem der 
zweiten transparenten leitfdhigen Busse uber- 
lappt den anderen Randabschnitt des entspre- 
chenden Metalibusses (19B), und wobei die 
schlitzformigen Fenster (19D) hergestellt sind in 
der Isolierschicht (23) zum teilweisen Freilegen 
der Oberfldche jedes Metalibusses (19B) zwi- 
schen den gegenuberliegenden Rdndern der 
zwel gegenuberliegenden transparenten leitfdhi- 
gen Busse (19A). 

6. Flussigkristall-Anzeigevorrichtung nach An- 
spruch 4, gekennzelchnet durch Metallkissen 
(18B), jeweils entsprechend einem der 
Gatebusse (18) und gebildet auf einem weiteren 
Randabschnitt der Basisplatte auf derselben Me- 
tallschlcht mit hohem Schmelzpunkt wie der Me- 
tallbusse (19B) und Gatebusanschlusse (18A), 
jeweils gebildet aus dereelben transparenten 
leitfdhigen Schicht wie der der transparenten leit- 
fahigen Busse (19A) und uberlappend eines der 
Metallkissen (18B), und wobei die Isolierschicht 
(23) weiterhin ein Fenster (18C) darin gebildet 
hat an einer Position entsprechend jedem der 
Metallkissen und die Gatebusse jeweils gebildet 
sind auf der Isotierechicht aus derselben 
Hochlelt^higkeits- Metallschlcht wie der der Bus- 
segmente (1 9C), sich erstrecken entlang der Rei- 
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he der Anzeigeelektroden (15) und das Fenster 
(18C) der Isolierschicht f ullen, urn direkten Kon- 
taktzu haben mitdem entsprechenden Metallkis- 
sen (18B). 

5 

7. Flussigkristall-Anzeigevorrichtung nach An- 
spruch 3 Oder 6, dadurch gekennzeichnet, dad 
Sourcebusanschlusse (19E), gebiidet aus den- 
selben transparenten letif§higen Schichten wie 

der der transparenten leitfihigen busse (1 9A) Je- io 
weils verbunden sind mit einem Ende der trans- 
parenten leitfahigen Busse (19A). 

8. Flussigkristall-Anzeigevorrichtung nach An- 
spruch 1 , 2, 3, 4, 5 oder 6, dadurch gekennzeich- is 
net, da& die Metallschichten mit hohem Schmelz- 
punkt aus Chrom (Cr) gebiidet 1st. 

9. Flussigkristall-Anzeigevorrichtung nach An- 
spruch 1, 2, 3, 4. 5, 6. dadurch gekennzeichnet, 20 
dad die HochieitfShigkeits-Metallschicht aus Alu- 
nninium (Al) gebiidet ist. 

10. Flussigkristall-Anzeigevorrichtung nach An- 
spruch 1, 2, 3, 4, 5, 6, dadurch gekennzeichnet, 25 
da& die transparente leltfahlge Schicht aus ITO 
gebiidet Ist. 



Revendicatlons 30 

1. Dispositif d'affichage ^ crista! liqulde du type d 
matrice active comprenant : du crista! liqulde ; 
des Electrodes d'affichage (15) form^es ^ partir 
d'une couche conductrice transparente et dispo- 35 
sEes en forme de matrice constitute de rangtes 
et de colonnes sur une plaque de base transpa- 
rente (11) ; des bus de source et de grille (19, 
1 8) ; et des transistors ^ couches minces (1 6) dis- 
poses aux intersections desdits bus de source et 40 
de grille (1 9, 18), de sorte que les Electrodes d'af- 
fichage (1 5) puissent dtre allmentEes de manidre 
selective, par I'intermEdlaIre des transistors d 
couches minces (16), par Tapplication selective 
d'une tension aux bus de source et de grille (19, 45 
18), lesdits bus de source (19) comprenant cha- 
cun un bus conducteur transparent (19A) formd 
d partir de la mSme couche conductrice transpa- 
rente que celle qui forme lesdites Electrodes d'af- 
fichage (1 5) et Etant adjacents E chacune desdi- so 
tes colonnes d'Electrodes d'affichage et s'Eten- 
dant dans la direction de celles-ci ; 
caractErlsE par : 

le fait que cheque bus de source (19) 
comprend en outre un bus mEtallique (198), for- ss 
mE E partir d'une couche de mEtal E haut point de 
fusion, chacun desdits bus mEtalliques (198) 
s'Etendant suivant le long de I'un respectif des 



bus conducteurs transparents (1 9A), et par le fait 
que chacun desdits bus mEtalliques (1 98), et son 
bus conducteur transparent (19A) respectif. sont 
dIsposEs E chevauchement ; 

une couche Isolante (23) formEe sur pres- 
que toute I'Etendue de la surface de la plaque de 
base de manlEre E recouvrlr les bus conducteurs 
transparents (19A) et les bus mEtalliques (198) 
sur ladite plaque de base, mais ayant une fenEtre 
en forme de fente (1 9D) placEe d'un cOtE de cha- 
cune desdites Electrodes d'affichage et s'Eten- 
dant dans la direction des colonnes, lesdites fe- 
nEtres mettant E nu une partle de la surface dudit 
bus mEtallique ; et 

des segments de bus (19C), formEs cha- 
cun par une couche de mEta! E forte conductivltE, 
agencEs de manlEre E remplir lesdites fenEtres 
en forme de fente (19D) de ladite couche isolante 
de fagon E recouvrir directement ladite surface 
mise E nu dudit bus mEtallique (198), chacun des- 
dits bus de source (19) Etant composE de I'un 
desdits bus conducteurs transparents (19A), de 
I'un desdits bus mEtalliques (198) et de I'un des- 
dits segments de bus (19C). 

2. Dispositif d'affichage E crista! liquide selon la re- 
vendicatlon 1, dans lequel chacun desdits bus 
mEtalliques (198) recouvre ledit bus conducteur 
transparent (19A) sensiblement sur toute sa lon- 
gueur. 

3. Dispositif d'affichage E cristal liqulde selon la re- 
vendication 2, qui comprend en outre : des bor- 
nes de bus de grille (18A) formEes E partir de la 
m§me couche conductrice transparente que cel- 
le desdits bus conducteurs transparents (19A) et 
agencEes cdte E c6te sur une partie marginale de 
ladite plaque de base ; et des plages mEtalliques 
(188) chacune fomnEe sur I'une desdites bornes 
de bus de grille (18A) E partir de la mEme plaque 
de mEtal E haut point de fusion que celle desdits 
bus mEtalliques (1 98), et dans lequel une fenEtre 
(1 8C) est en outre formEe E I'lntErieur ladite cou- 
che isolante (23), dans une position correspon- 
dent E chacune desdites plages mEtalliques 
(1 88), et lesdits bus de grille (1 8) sont chacun for- 
mEs sur ladite couche isolante (23) E partir de la 
mEme couche de mEtal E forte conductivitE que 
celle desdits segments de bus (19C), s'Etendent 
le long de cheque rangEe desdites Electrodes 
d'affichage (15) et remplissent lesdites fenEtres 
(19D) de ladite couche isolante pour rEallser un 
contact direct avec lesdites plages mEtalliques 
(188) sur la borne de bus de grille (18A) corres- 
pondante. 

4. Dispositif d'affichage E cristal liquide selon la re- 
vendicatlon 1, dans lequel une partie marginale 
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de chacun desdits bus conducteurs transparents 
(19A) chevauche. surtoute sa longueur, une par- 
tie marginale du bus m^tallique correspondant 
(19B). 

5 

5. Dispositif d'aff ichage d crista) liqulde selon la re- 
vendication 4, qui comprend en outre des se- 
conds bus conducteurs transparents (19A) for- 
mes d partir de la mdme couche conductrlce 
transparente que cetle des premiers mentlonnte io 
desdits bus conducteurs transparents (19A), une 
partie marginale de chacun desdits seconds bus 
conducteurs transparents chevauchant I'autre 
partie marginale dudit bus m^tallique (19B) 
correspondant, et dans lequel lesdites fendtres is 
en forme de fente (19D) sent pratiqu6es dans la- 
dlte couche isolante (23) pour mettre partielle- 
ment d nu la surface de chacun desdits bus m6- 
taiiiques (19B) entre les bords opposes desdits 
deux bus conducteurs transparents (19A) oppo- 20 
s6s. 



de chrome (Cr). 

9. Dispositif d'aff ichage ^ crista! liquide selon la re* 
vendication 1, 2, 3, 4, 5, ou 6, dans iequel ladite 
couche de m^tal k forte conductivity est faite 
d'aluminium (Al). 

10. Dispositif d'aff Ichage d cristal liquide selon la re- 
vendication 1, 2, 3, 4, 5, ou 6, dans lequel ladite 
couche conductrlce transparente est faite d1T0 
(oxyde d'^tain dop6 d I'indium). 



6. Dispositif d'aff ichage d cristal liquide selon la re- 
vendication 4, qui comprend en outre des plages 
m6talllques (188) correspondant chacune d Tun 25 
desdits bus de grille (18) et form^es sur une autre 
partie marginale de ladite plaque de base ^ partir 
de la meme couche de m^tal k haut point de fu- 
sion que celle desdits bus m^talliques (198), et 
des bornes de bus de grille (18A) chacune for- 30 
tnke k partir de la meme couche conductrlce 
transparente que celle desdits bus conducteurs 
transparents (1 9A) et chevauchant I'une desdites 
plages m^talliques (188), et dans lequel une fe- 
n§tre (1 8C) est en outre form^e d I'lnt^rieur de la- 35 
dite couche Isolante (23), dans une position 
correspondant k chacune desdites plages m6- 
talllques, et lesdits bus de grille sont chacun for- 
mes sur ladite couche isolante k partir de ladite 
m§me couche de m^tal d forte conductivity que 40 
celle desdits segments de bus (19C), s'^tendent 
le long de chaque rangde desdites Electrodes 
d'aff ichage (15), et remplissent ladite fendtre 
(18C) de ladite couche isolante pour rdaliser un 
contact direct avec ladite plage m6taltique (188) 45 
conrespondante. 



7. Dispositif d'aff ichage k cristal liquide selon la re- 
vendication 3 ou 6, dans lequei des bornes de 

bus de source (1 9E), form^es k partir de la mgme 50 
couche conductrlce transparente que celle des- 
dits bus conducteurs transparents (19A), sont 
chacune connect^es k une extremity desdits bus 
conducteurs transparents (1 9A). 

55 

8. Dispositif d'aff ichage k cristal liquide selon la re- 
vendication 1, 2, 3, 4, 5, ou 6, dans iequel iadite 
couche de mdtal k haut point de fusion est faite 
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FIG. 7 
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FIG. 9 A 
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